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(TWO, FOUR & TWELVE WEEK DATA)
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APPENDIX

1. Table I - Test Methods
2. Table II - Test Materials
3. Test Data

a. 12 week exposure

b. 4 week exposure
c. 2 week exposure
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TABLE I

Test Methods

Metals were evaluated for weight change per surface

area

and change 1in appearance. The weight change

testing was performed in accordance with ASTM G31.

The

metals were also evaluated for "Anti-rust

properties of Cargoes in Petroleum Product Pipelines" a
NACE Standard TM-0172-86.

The elastomers were evaluated according to ASTM methods
as follows:

1.

2.

3.

ASTM D412 "Rubber Properties in Tension"
Tests for: Tensile strength at break

% elongation at break
Modulus at 100% load

ASTM D471 "Rubber Property - Effect of Liquids"
Test for: % of Volume Swell

ASTM D2240 "Rubber Property - Durometer Hardness"
Test for: Hardness

The plastics were evaluated according to ASTM methods
as follows:

1.

ASTM D543 "Resistance of Plastics to Chemical
Reagents"
Test for: Dimensional change or volume swell, and
weight change

ASTM D638 "Tensile Properties of Plastics"
Test for: Tensile strength at break
% Elongation at break
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Material Name

Metals

Elastomer

1.
2.
3.
4.
5.
6.

7.

1.
2.
3.
4.

5.

Plastics

(1)

1.

TABLE II

List of Materials Tested

Carbon Steel

Aluminum Cast Alloy

Copper, Electrolytic

Brass, ADMIRALTY

Die Cast Zinc Alloy
Cadmium Plate on 1010 Steel

Terne coating on 1010 steel

Viton - Low Fluorine
Viton - High Fluorine
Hydrin

NBR

Urethane

HDPE

PETG

Delrin

Nylon 6/6

Nylon 11

Specification or ID(l)

AISI 1010
ASTM 319 (SAE 329)
CDA 110

CDA 443

ZIMAK 3

MILS-QQ-P-416

Thickness -
.008" - 0.11"

85% Pb, 15% Sn

Thickness -
.0001" - .0002"

VITON - A, ART 401
VITON 6269, ART 400
Epichlorhydrin,

ART 146
Acrylonitrile,

ART 117
Urethane, ART 505

High density
polyethylene (molded
sheet)

Polyethylene
Terephytholote
(extruded film)

Acetal Homopolymer
(molded sheet)

Nylon (molded sheét)

Nylaflow LM,
(tubing)

ART Number identifies Applied Rubber Technology Batch
All elastomers were compounded to approximately

No.
Dur.

80 hardness.
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(WEIBHT LDSS PER SPECIMEN IN GRANS PER [M2)
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TABLE 1]

NACE TN-01-72 ANTI RUST TEST {4 WEEK DATA)
(APPEARANCE)

FUEL
BLEND

METAL

- - o 2 e P e o v e e N P D D B e e D S 2 ol D e e D O D TP B S o

ALUMINUM
ALLOY

i No discolor or stains; no corrosion, pits or rust build up.
i No discolor, stains or corrosion spots {pits, rust),
+ No discolor, stains or corrosion spots {pits, rust),
SAE 329 } No discolor, stains or corrosion spots (pits, rust).
i No discolor, stains or corrosion spots (pits, rust),
! No discolor, stains or corrosion spots (pits, rust).
i No discolor, stains or corrosion spots (pits, rust).
+ No discolor, stains or corrosion spots (pits, rust).

M ~d O N e NI -

C1o10
HETAL

i Slightly dull gray, ssall corrosion spots with np pits.
' Slightly dull gray, small corrosion spots with no pits,
+ Dull with no discolor and no corrosion or pits.
NILD 1 Dull with no discolor, no corrosion stains or pits.
STEEL  } Dull with no discolor, few stains and no pits.

Dull with no discolor, no corrosion stians or pits.
Slichtly dull gray with cmail area of cxidation (FeZ03) buiid up.
Slightly dull gray with ssall area of oxidation.

O ~ O~ LN & 1 PO —

CDA 110
NETAL

Brownish deposit file covered the entire speciren.
Rrownish deposit fils covered the entire specisen,
Brownich deposit file covered the entire specisen,
Rrownish deposit fila covered the entire specisen.
Brownish deposit film covered the entire specimen,
Brownish deposit fila covered the entire snecieen.
Brownish deposit filas covered the entire speciaen,
Brownish deposit fils covered the entire speciaen,

ELECTROLYTE

O ~3 O N s 4 FI -

CDA 443
METALS

Brownish deposit fila covered the entire specieen.
Brownish deposit fila covered the entire specisen.
Brownish deposit file covered the entire specigen.
Brownish deposit fils covered the entire specisen,
Brownish deposit file covered the entire specieen,

ADNIRABLY
BRASS

Brownish deposit fils covered the entire spetisen.
Brownish deposit file covered the entire spetiaen.

B~ O N IR

1INC
TINACK 3

Dull gray with various seall areas of oxidation layers with no corrosion stains or pits,
Dull gray with various areas of oxidation layers with no corrosion stains or pits.

No discolor, corrosion stains or pits,

No discolor, corrosion stains or pits.

No discolor, corrosion stains or pits.

No discolor, corrosion stains or pits,

Dull gray with slight oxidation layers and no pits.

Dull gray with slight oxidation layers and so pits,

O ~ O 1 &8s P -

1 COPPER

)
:
! Brownish deposit fila covered the entire specisen.
]
H
1
)
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TABLE I1 lcont.})

No discolor, corrosion stains or pits,
No discolor, torrosion stains or pits.
No discolor, corrosion stains or pits.
No discolor, corrosion stains or pits.
No discolor, corrosion stains or pits.

00 ~3 O U &n NPT

’ 1 !1  CADIUM ! No color change, corrosion stains or pits. "
H 2 it PLATE | No color change, corrosion stains or pits, i
i 3 !' ON STEEL ! No color change, corrosion stains or pits, HH
J! 4 " ! No color change, corrosion stains or pits. H
H 3 I ) No color change, corrosion stains or pits. tH
i 6 " ! No color change, corrosion stains or pits. iH
]I 7 H 1 No color change, corrosion stains or pits, HH
o8 N ! No color change, corrosion stains or pits. "
i it TERNE 3 Dull gray with no visible corrosion stains or pits, H
] 1y COATING  § Dull gray mith no visible corrosion stains or pits. 0"
' it ON STEEL | No discolor, corrosion stains or pits. H
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ELASTOMERS
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FOUR WEEK DATA

(Averages of two specimens per fuel blend used for graphing)

e ww = mem wm wm mE mw mw e m= mm mw W= =m e we M @S wm mw ww = o e - -

H 1 1
TYPE FUEL 10 1002 1 CHANGE  VOLUNE
ELASTOMER  BLEND i MODULUS TENSILE ELONG HARDNESS  SMELL

NER 14 328.0  1046.4  ALb.S -4,16830 10.10633 !
ART 117 210 2980 1030.4  $33.0 -5.47945 10.5353 |
340 I50.0 1312.0  b1k.5 ~15.B2157 17.94016 |
400 352.0  1062.4  600.0 4.08182 -1.69540 &
3 320,00 1070.4  567.0 -5.76323 4.03334 )
61 336.0 11648 600.0 -3,265B2 1.59458
74 3360 1086.4 5165 -3.B303S 2.71749 %
B 328.0  1062.4  600.0 -3.B9744 2.30425 )
H % %
TYPE FUEL &1 1001 X CHANGE  VOLUNME

ELASTORER  BLERD KODULUS TENWSILE ELDNG  HARDMESS  SHELL

HYDRIN I3t 450.0  1263.6  447.0 -3.6 8.2 1
ART 146 200 4140 1172.8  46b.5 -3.7 7.4 1
S0 422,00 1203.2  488. -3.6 15.4 1

437 436,53 11368 450.0 -7 1.3 1

S 830,00 1100.8  §00.0 -3 4.6 1

611 4540 1094.4  418.3 -5.b 4.8 ¢

T30 8220 10A2,4  400.0 -8.0 §.7 1

g 4340 1155.2 450,90 3.9 .91

AIR H |
N 1 o

TYPE FUEL 17 1003 % CHANGE  VOLUHME

ELASTOMER  BLEND MODULUS TENSILE ELONG  HARDNESS  SWELL

VITON (RI) o 8345 BLY,
ART 400 A LN - A
oo 353.0 804,
HN G [N N § P8
i1 4340 BILL
o 140 504,
A0 694
I 1 B Y KT B

S Z» O ) O O I rD
)
- N
<
S e S ST T T,
-
]
[ae]
o~
—
(8]
D 0 O mM - 0D

e e we mm wew mm mw me me mm am cm i me o= am e mw e wew —= m= mw ma mm mm mm e mm ma e k® = mm ch am oww me me = mee = =

t
1]
]
]
1]
1
1
+
]
]
1
/]
]
]
1
)
)
]
)
]
]
]
]
{1
]
]
)
(]
)
)
'
]
)
)
1
)
t
)
1
)
)
)

P+ e e A 2 R e A - e
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FOUR WEEK DATA
(Averages of two specisens per fuel blend used for graphing)

H 4 1
V1002 X CHARBE  VOLUME

TYPE FUeL
i1 HODULUS TJENSILE ELONS  HARDNESS  SHELL

ELASTOMER  BLEND

VITON (LD) 1 290.0  7%6.B SB35 -2.1 12,6 1
ART 401 200 6.0 B3%.2 830D =14 12,31
I 8LY TG eBL.0 -4.1 20,2 3

400 26,0  T4B.§  TIb.I ~5.4 19,5 1

94 290,048 B3LL0 -4.8 16.9 ¢

&4 82,0 740,83 F00.0 -4.7 16,3 4

7y B8N 7384 6993 -b.1 17.7 1

B 2740 673.4 83090 -b.7 22,08

AlR th :
" i [

TYPE FUEL 3% le0X 1 CHANGE ~ VOLUME

ELASTOMER  BLEND HODULYUS TENSILE  ELONE  HARDNESS  SHELL

URETHENE 1 3480 14768 750.0 -1.2 16,2 1
ART 505 200 30,0 1523.0 7163 -1.6 13.1 1
I 282,00 146B.8 980 -13.1 0.0 4
41 290.0 1404.8  TE0.0 -17.5 8.9 |
S0 3060 14768 TSOLO -7.1 12,6 1
b1 350.0  1399.9 T7bb.5 -5.1 12,21
740 40 S2l.e TN -21.0 153.7 1
g 2820 9212 899.% -26.8 17,21
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ETHYL FLEL COMPATIBILITY TEST

FOUR KEEK DATA

1 1
1001 1 [HANGE VOLUME DURCMETER DURDMETER WEIGHT WEIGHT WEIGHT/H20 WEIGHT/HZ20
MODULUS TENSILE ELONG HARDNESS SWELL INITIAL  FINAL  INITIAL FINAL  INITIAL FINAL

l TYPE  SPECIMEN FUEL

. .ZLASTOMER  NO. BLEND ! "
LBR 3 1 298 1030.4 433 -5.4795 10.5335 73 69 4.1029 4.3093 0.712 0.37 1}
ART 117 9 20 454 1360.0 467 -5.0633  2.5E87 3 75 L7248 1.7161 0.67 0.57 i

" 15 I 358 1452.8 500 -15.8337 19.0%77 B2 b9 41179 4,570 0.74 0.5 3

2 LI 390 1094.4 600 4.1096 -2.03%8 73 76 3.B092 3.4932 0.66 0.61 2
27 S 342 11104 567 -3.8462  4.0250 18 75 42395 43013 0.72 0.68 3
0 3 b 330 1376,0 800 -2.5116 -0.23R2 79 77 4.1828 4.0746 0.74 0.64 3
39 71 330 9536 500 -5.0633  4.0644 79 75 1.9899 4.1049 .67 0.63 1
45 Bl 314 9376 367 -2.hbkT  2.21T3 IS PR 740 BN PAY) 0.83 0.63 1

" TUBR 4 I 358 1062.4 600 -2.8371  9.6773 70 68 4.21B9 4.4475 0.72 0.81 1
RT 117 10 2 0 ND ND ND ND ND KD ND ND ND ND LU
' 16 I 342 U712 833 -15.7895 15.7E27 7b 64 3,8783 4.24%0 0.66 0,49 11

2 LI 314.1070.4  b00  4.0541 -1.7590 7% 77 4,0330 3.5435 0.59 0.87 3
28 5 298 1030.4 567 -7.8923 40377 78 72 41657 4.2502 .69 0.63 1
34 b il 342 933.6 400 -B.0060 I.428! 73 69 3.9225 3.9540 0.67 - 0.59 3

. 40 T4 342 1219.2 3% -2.9974 LU0 I 73 4,095 41112 0.74 071 0
i 4 g1 342 1187.2 633 -5.1782  2.3932 7B 74 84,2060 4.2897 0.73 0.71 1
YORIN 3 I 838 1203.2 487 -b.1728  B.3404 81 76 b.bo66b 6.9308 2.18 .07 1

TURT 146 9 20 374 1219.2 500 -g.3291 7,602 79 74 £.3150 6.7384 2,13 .02 1
! 15 3 438 1251.2 50D -7.4074 15.4658 81 73 6£.3377 b.3810 2.19 1.89 4
‘ 21 40 467 1203.2 433 -3.7837 2,053 a1 79 &.4119 6.3701 2.4 1.8 11

W 27 v 422 1171.2 367 -4.8760 5.3245 82 78 .7769 6.8990 .23 210

‘1 33 6 il 453 1078.4 400 -4.9383 4,899 51 77 6.0363 6.1450 1.98 1.87 1
; 3 7 454 1046.4 333 -8.5386 10.6285 82 75 56,4608 6.7111 2.13 192 4

45 g il 434 1155.2 433 -~tLLULY 709363 81 72 b6.4670 5.5338 213 .01 40

%YDRIN 4 I 422 1320,0 487 -5.000C  8,0267 ge 76 4,2598 6.5402 2,06 1.6 18

RT 146 10 2 434 1126.4 433 -5.0000 7.2260 80 76 6.1209 &£.3194 1.99 1.87 3

Ty 16 I 406 1155.2 435 -9.874% 15.381) 81 75 6,529 7.0135 2,19 1.97 1
i 22 LI 405 1110.8 487 -3.7037 1.%%3 Bl 78 b.0958 6.0682 2,00 1.3

2 K 439 1030.4 435 -b.17ZB  3.63%8 81 76 5.9387 &.0017 1.55 1.B6 38

o 34 b i £34 1110.4 435 -0.25G0  4.6604 60 75 6.3822 6.4827 2.08 1.2 1
! 4 140 390 1073.4 487 -7.5000 B.73TM 50 74 61716 4.4028 2.04 1.91 &
I 46 g 458 1155.2 47 -B.7500 7.3101 go 73 6,374 6.3877 2.09 1,97 =
TT0N (hi) 3 I 467 955.6 300 -9.7581 1D.E343 g2 74 b.8216 7.1234 342 3.02 33
3T 400 9 20 298 483.2 3867 -13.7500 13.9BL0 80 b9 6.7475 17.0990 3.09 2,93 0

13 3 374 730.8 267 -9.7561 13.0544 82 74 6.7032 7.057% 3.07 2.93 U
21 LI 358 B73.6 333 -B.7500 11,8711 80 73 7.4938 7.8263 143 3.28 0
n 30 §5% B28.8 233 -B.b320 12.B014 81 T4 T.4084 7.7083 3.3 3.28 0
33 b1 406 B60.B  3C0 -B.5420 12,1981 Bl 74 6.9819 7.020 L2 3.07 0
39 70 422 780.8 300 -B.6420 11.773h 81 74 87112 7.0199 3.07 2.95 1
‘ 43 8 374 764.8 300 -B.7500 12,0718 60 753 7.1570 7.5051 1.28 .06 0




STHYL FUTL COMFATIRILITY TEST

FOUR WEEK DATA

] g 1 1 N
‘ ! TYPE SPECIMEN FUEL 1) 1001 % CHANPE  VOLUME ODUROMETER DURGMETER WEIGHT WEIGKT WEIBHT/H20 WEIGHT/H20 i)
. \ELASTOMER  ND. BLEND 1} MODULUS TENSILE ELDNE HARTNESS SWELL  INITIAL  FINAL  IKITIAL FINAL  INITIAL FINRL )
IVITON (hi) 4 1o 422 764.8B 233 -B.53bb 10,719 82 73 6.8360 7.1400 I 304 1
JART 400 10 21 330 595.2 400 -13.7500 13.538) 80 69 7.3088 7.6968 L34 3.18 1
‘e 16 In 422 928.8 267 -10.0000 13.8290 80 C72 11135 7.4964 3.26 MY IR
i 22 L H 422 §72.0 233 -7.4074 10.3277 b1 75 6.1176 63592 2,81 .71 0
K 28 i 454 B73.6 267 -5.6420 12,8140 il 74 17,2354 7.6084 3.33 3.18 1
i M 61 422 746.8 237 -3.5420 11.5872 81 74 7.3802 7.7269 Ly .08 0
H 40 T 406 608.0 200 -19.97%6 11.9339 82 73 6.9562 7.3208 2 3,09 4
I 4b Y 422 7040 233 -9.8763 11.6316 Bl 73 7.2853 7.6342 A 3.2 00
WVITEN (lo) 3 I n 98 784.8 367 -2.739T 12,3375 I 7L 6.6450 6.9610 103 2,30 43
hART 401 9 2.0 298 B73.6 700 -2.7778 12.26%9 12 70 6.6304 7.0078 3.05 .92 1
B 13 I 282 828.3 733 -4.0541 21.417) 4 71 6,228 7.0380 2,58 .75 0
" pal 4 260 732,83 700 -4.0541 14,7100 74 71 b6.1103 6.4B%8 2.7% 2,87 1
K a 5 266 7648 733 -4.10%: 17.1481 73 70 6.1316 £.5561 2.82 2.67 1
: 3 [ H 206 732.8 76T -4.105h 16,5042 73 70 6.6615 7.0992 3,04 2.88 4
o 9 70 282 B8R0 599 -5.400% 17,3500 Iz 70 8.3101 6.7873 .87 2730
7 45 g 282 TiB.B TIT -b.hE37 1B.0E5 % 70 b.E3FY T.1064 3,03 .87 1
SIVITON (io) 4 1 282 B28.8 A -1.38%F 12,8557 73 2 5.8729 b.9901 303 2.50 11
TART 401 10 2.1 3§ 5443 A00 41096 12,7218 N 70 6.8250 6.5489 3,03 2.91
i, 16 30 202 7700 A1 -4.0%41 19.0170 74 71 5.9992 6.4032 2.72 2,35 1
R 2 UH 266 7648 TI3 -6.7T6B 14,3368 74 69 £.2603 b5.673B 2.86 .72 0
i 28 30 314 7040 533 -5.4054 16,4329 74 70 6.3543 6.9918 2.59 2.88 1)
._i 14 6 298 746.8 433 -5.2632 16.020 76 26377 €.7718 2.91 .76
' 40 70 234 828.8  BOO -5.7368 13.019% 74 65 b.4949 17,2053 305 .88 1
0 6 8 266 80B.0 367 -5.8887 25,5026 5 70 5.05B2 6.5179 2.7 234 0
ﬁ URETHERE 3 o 330 1360.0 735 -3.8352 16,7608 78 75 42807 47984 0.51 UVEIR
1ART 503 .9 20 330 1251.2 735 -7.6%2% 14.E93 78 7240043 4,3762 0,34 6,74 11
: ' 15 R 206 1484.8 933 -15.3B44 29.51h4 77 65 §.1413 4,9270 0.87 B.63 1
: 21 LI 250 1404,8 700 -1B.7500  6.6201 g0 65 4.1407 14,3039 0.89 0.84 11
: 21 SN 282 1577.6 b7 -17.7922 12.2531 77 71 41260 44383 .86 0.77 43
¥ 13 b4 342 1257.0 833 -3.8981 12.8314 77 74 43113 4.6503 0.89 0,73 1
: 39 74 266 1014.4  BET -21.5150 15.3045 19 2 L.2738 4.6405 0.56 0.82 )
: 45 8 i 298 1014.4 733 -25.0000 17,1569 80 b0 4,4029 4.831b 0.98 0.82 1
JURETHENE ] I 353 1593.6 767 -2.5316 15.5342 79 77 4.5065 4.95281 1,02 0.95 11
‘ART 303 10 2% 390 1404.8 700 -7.5000 15.3784 80 T8 42321 4,593 0.9% 0.81 3
' - 18 I 298 1452.8 1033 -14.6667 30.4362 % 64 4.0351 4.BIBS 0.89 0.69 1
2 LI 330 1404.8  BOO -16,2500 11.1472 80 b7 45305 4.7916 1.02 0.89 i
28 3 330 1376.0 B33 -6.4933 12.9482 n 72 4.2752 46142 0.89 0.79
: N b i 358 1532.8 00 -4.3291 11.5729 79 74 4.2097 4.4881 0.94 ¢.B4 1:
40 14 282 B2B.8 600 -20.51Z8 16,1549 78 62 4.0305 4.4840 0.85 0.712 1
4 g '

°bb 928.0 bbb -28.5714 17.24%5 7 59 41923 45022 0.B3 .69

l.--
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THD WEEK DATA

{Averages of two specimens per fuel blend used for graphing)

Y 1 1 !
TYPE FUEL 1 1001 I CHANBE VOLUME &
v+ MODULUS TENSILE ELONS  HARDNESS SNELL

ELASTOMER  BLEND

—-— B L LT T L T TR P ORI S PR R Ay e

D T L Y repey ——-—— D e L T R

NER 11t 406.0 1008.0  416.5 -0.71429  9.01616 1
ART 117 24 500.0 1326.0  3B3.S  2.14487  3.91542°
34 390,0  I304.0 450.0  -3.45345  2.3B987 )

430 4140 1108.8  483.5 -2.11268  L.7I7I3

S0 5.0 1328.0  JA7.0  -1.89935 -1.19303 !

6 672,0 1265.6  Z83.5 -5.B2104 -0.73327 |

T M7.0 1285.6  367.0  -3.95022  3.12306 |

B il 4045 12960 483.0 -12.7B073  b.51155 1

AIR o 366,00 1304.0  530.0 :
H X 4 :

TYPE FUEL 11 1001 X CHANGE VOLUME 1
ELASTOMER  BLEND 1 HODULUS TENSILE ELDNG  HARDNESS SHELL
RYDRIN P 530 10928 300.0 -4.45472  G5.81189 1
ART 146 200 48B30 10228 33X -A437500  6.07067 0
340 00,5 1148.8 3800 -B.70370  7.21930 %

§50 507,00 11248 3335 -10.533%%  B.ESBbA 8

S 4.5 11004 3335 -5.30056 5.124BB

611 499.0 11B7.2  I80.0  -5.517§2  G.EUIS3

71 4605 11168 317.0 -15.334Z4  B.14833 !

83 452,5 1022.4  317.0 -12.982%6  11.01932 0

AR h 8.0 10144 I3L.0 :
H 1 1 i

TYPE FUEL i1 1001 H CHAKBE VOLUHE

ELASTOMER  BLEND HODULUS TENSILE ELONG  HARDMESS SAELL

- -——— B e R A e L LT

VITON (HD) 11y 5855 B75.2 16,5 -9.29926 10,3213 !
ART 400 r 22,5 #32.0  250.0 -11.75305 11.91729 !
Tar 27400 4488 33 -15.00000 1311341 )
430 507.0  TI0.4  187.0  -9.93827 12.14325 !
540 428,55  6F4.4  250.0 -11.26739  13.ZA445 !
b1 4540 Teb.4 200.0  -7.45370  11.91075 !
700 48,0  420.0  147.0 -12.43056 12.33629 !
B il 430.5  540.0 2335 -23.00000 13.47077 !
AIR Mo 86,0 THALR 418.S ’ :

]
1
]
1]
]
)
]
]
1]
1]
t
]
)
)
)
)
1]
+
)
b
)
]
)
1]
'
]
]
]
]
[]
)
1
)
]
t
]
)
)
[]
[
1]
]
]
)
[)
[]
1]
[}
]

3 Attt it At A PRt R Rt Rt A R R A - e
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P T Tt T T T T T T T T T e L P T e T T e T b T

; 1 4
v 1001 1 CHANGE YOLUNE

TYPE FUEL
i1 MDDULUS TENSILE ELONG  HARDNESS SWELL

ELASTOMER  BLEND

A e I e e e Tt e e e e e

VITON (LD) 1ir 3220 772.8  500.0 -4.6b667  10.61694 1)
ART 401 201 06,0 BA7.2  530.0 -2.06431 10.83042 1
I I90.3 702.4  390.0  -5.07306  16.91213 3

437 3060 bBO.O 4B3.5 -7.37838 17.19981 1

30 3060 718,48 450.0  -5.73676  17.78230 10

b1 298.0 7040 S500.O  -5.36937  QG.E0201 1)

T 82,0 7040 46b.Y -12.16216  1B.46548 1)

B Il 293.0  74B.8 G165 -13.41441  1B.43335 M

AIR o 2380 BB 630.0 H
1 X 1 "

- TYPE FUEL 0 1002 X CHANGE VOLUME
ELASTOMER  BLEND ! MODULUS TENSILE ELONG  HARDNESS SHELL 1S
URETHENE Py 4140 1380.0 SBI.0 -4.4B7IB 13.B4174 10
ART 503 20 190,00 1320.0  550.0  -4.4B718  13.46737 i1
3o 0,0 143,40 700.0 -16.21120  17.24004 1

§ 1 320 1082.4 50,0 -17.33520  1B.97891 Y

5 82,0 1390.4  600.0 -9.60875 13.28%16 I

b A0 1368.0 500.0  -7.142B6  12,9743B

ST 40 B32 0 550.0 -30.31136  21.06865 i

B A0 9787 550.0 -31,200C0  21.65334 10

AIR o 38400 1420.8 0 3BLS n
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ETHYL FUEL TOMPATIBILITY 7TES7

THO WEEKS DATA

i e mm mw mm = mm e -.... —w me mm i me m mm em mm e wm e == mw m= e wm mm v mw ww == - --'
—
—
~4

' HH 1 % :
l TYPE  SPECINEN FUEL 1% 1001 1 CHANBE  VOLUME DUROMETER DUROMETER WEIBHT WEIGHT WEIBHT/H20 WEIBHT/H20 i}
) ELhSTDHER ND.  BLENDSMODULUS TENSILE ELONG HARDNESS SWELL  INITIAL  FINAL  INKITIAL FINAL  INITIAL FINAL 01
{R 1 1 422 1078.4 433 -1.4286 B.6522 10 69 4,2324 4.4583 0.72 0.64 |
RT 117 T 230 AB3 12980 387 -1.285B 4.0119 79 78 3.9304 3.9804 0.89 0.81 30
| 13 310 422 1420.8 500  -1.3514 -0.0381 74 73 4,1528 4.0515 0.74 0.64 1
1 19 430 422 1139.2 500 -1.4085 4.0785 71 70 4,0930 4.1305 0.72 t.62 1
2 530 547 1328.0 367 -2.5000 -0,5503 80 78 3.9986 3.9094 0.69 0.62 1
i 3t 611 BAS 1328.0 200  -5.6180 -1.108) 89 8¢  4.1888 4.0822 0.86 0.79 o
' 37 73 720 14208 267 1.1305 -1.2525 84 85  4.5765 4.5397 0.84 0.85 1
! 43 B3 467 1436.8 433 -16.4706 B.4BKD 85 7l 19589 4,101 0.71 ¢.38 3
IR 2 LIy 390 937.6 400 0.0000 9.3801 70 70 3.8777 4.1014 0.4 0.56 1
8 21 531 1360.0 400 35,5356 3.8130 - 72 76 3.5805 4.0154 0.71 .62
14 311 38 1187.2 400  -5.53%6 4.817 72 68 4,3429 4.4060 0.75 0,84 1
. 20 400 406 1078.4 467 -2.8149 3.3578 A 69 3.5894 3.9175 0.67 0.39 &
; 26 310 515 1328.0 367  -1.2987 -1.80%3 77 76 4.0370 3.9362 0.69 0.6 1
' 32 by A9 1203.2 367 -6.0281 -0.4004 g3 78 3.8768 3.7740 0.68 0.59 1:
) 8 710 34 110,84 467 -9.0909 7.45% n 70 41433 42715 0.70 .57 4
4 B 347 1552 53 -9.0909 4.33T1 77 70 4,0609 4,1464 0.68 6.80
YORIN b S5 32 333 -3.B32 b.EBID 78 15 69169 6.7400 .13 2.06 1
T 146 723 483 1030.4 367 -5.0000 S5.6714 BO 76 5.6699 5.0324 1.93 1.64 3
13 341t 434 1203.2 400 -10.0000 B.0785 g0 72 6.6162 6.6254 .17 021
19 4100 531 10144 300 -10,0000 B.1544 80 72 6.3210 6.5261 2.08 1.54
' 25 5 422 110,40 387 -7.407% 4,033 £l 75 6.2569 6.3875 2.07 1,99
31 & 459 1M7L 333 -5.0976  5.0%5% 82 77 6.5551 6.6878 2.15 2,05 10
37 701 4T 1046.84 267 -15.8537 4.996) £? 69  b.1897 6.3508 2.03 1.5 4
' 43 B! 8B  §05.6 267 -13.5802 B.5680 Bl 70 6.3853 4.8204 2,08 1.56 1%
JADRIN 2t 547 1045.4 287 -5.0833 4,541 73 75 5.5732 6.4818 2.15 .04 0
RT 146 8 241 483 10144 300 37500 &.2700 g0 77 5.4086 6.5781 A1 2.01 1
14 331 S47  1094.4 300  -7.4074 4.3598 81 75 5.9863 6.1230 1,93 1.83 1
| 20 400 4B3 1235.2 367 -MLLMMND 9,139 81 72 6,841 7.1004 2.23 2,09 14
26 5 483 1110,4 300 -3.7037 4.5187 8l 78 5.2630 6.3875 2.05 1.58 ¢
320 6 499 1205.2 387 -4.938 a.0R72 g1 71 6.5630 &.5174 2,19 2,00 0
: 38 700 454 1187.2 367  -14.B148 9.29B% &l 6% 4.7379 6.9880 2,22 2,053
' 4 B 422 1139.2 36T -12.3457 15,9711 Bl 71 6.1581 6.3355 2.2 1.B7
: !TDN {hi) by 518 828.8 200 -B.b6420 10,9262 8l 71557 7.4573 3.2 3130
v T 400 7 200 518 748.8 187 -9.7361 110972 2 7% 7.0898 7.3848 1.2 3030
: 13 340 282 515.2 367 -16.2500 13,2839 &0 b7 5.9508 7.3031 .47 3.02 00
v 19 41 483 688.0 167  -9.8765 12.416 81 73 7.1421 7.4604 .29 3430
' 2 51 499 BEY.b 233 -9.6765 12.3B33 8l 73 7.085B 7.4%2 3.4 S
) W b A5h BaAB 233 -7.5000 11,Beed B0 8 b.6207 5.9136 3,04 2.91 %
1 37 700 434 6BB.O 167 -11.1111 11,7987 61 72 b.6304 6.9552 3.05 2.93
: 43 81 51 7968 167 -19.7500 127439 81 65 7,287 7.6344 L 3.7 0

1
.
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ETHYL FUEL COMPATIBILITY TEST

TD WEEKS DATA

l N . 1 "
Y TYPE  SPECIMEN FUEL :! 1001 Y CHANGE  VOLUME DUROMETER DUROMETER WEIGHT WEIGHT WEIGHT/H20 WEIGHT/H20 !!
. ELASTOMER  NO.  BLEND!IMDDULUS TENSILE ELONG HARDNESS SWELL INITIAL  FINAL  INITIAL FINAL INITIAL  FINAL ¢!
g;on (hi) 2 1! 656 92.6 133 -5.8765 10,3561 81 73 7.3775 7,682 1.37 3.2 1
RT 400 8 2! 330 5152 333 -13.7500 12.7374 80 89 7.0581 7.4057 13 3.09 1
' I 300 26 A22.4 300 -13.7500 12,9413 8 69 6.2337 6,530 2.85 2.72 1
‘ 00 430 531 7328 167 -10.0000 12,2699 R0 72 5.9282 7.2181 .18 3.03 42
2 51! 356 495.2 267 -12.6582 14.1466 7 89 7.1812 7.5745 1.2 IR
i 32 80 A5k 6BB.0 167  -7.4074 11.5551 81 75 6.4850 6,7797 2.97 2.84 1!
1 3B 7! 438 6720 187  -13.7500 12.873 80 89 7.4387 7.6475 143 3.27 1
4 80 330 4B3.2 300 -26.2500 14.5%56 80 59 7.3897 7.8164 Ly L1
I‘“tTGN (lo) P10 34 B12.B 500 -4.0000 10,5058 7S 72 6.5565 6.5555 2.58 2.89 1!
3T 401 70210 298 B3 587 -1.3839 10.669 72 M 54893 6.7555 2.95 2.8 1!
13 31 34 6720 SO0 -5.4755 17,1097 73 89 6.1571 6.6232 2.83 2.8 1!
' 19 430 258 6720 87 -8.0000 15,9382 7 B9 5.3775 6,803 2.92 2.76 1!
: 051 WB T04.0 433 -5.758 17.4967 74 85 8.4174 6.8459 2.94 2.76 1
' 31 6! 300 704,00 SG0 -S.405% 15,4445 7 0 6.035% 6.4137 2.75 2.62 !
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v % S M4 TINB 48] -b.755B 15,0859 78 89 87189 7.1783 1.08 2.88 U
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AETHENE {10 422 12677 535 -3.6462 137335 78 7% 43 87147 0.91 0.81 1!
RT 505 720 14 13600 557 -5.1262 13.52%6 78 74 4.7500 45178 0.89 0.79 1!
: 13330 298 1392.0 787 -17.9487 15.4675 18 B4 41952 4.5914 0.93 0.82 1!
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ETHENE 2 1l 806 1458 633 -5.1282 13.945% 78 7 43580 6.7709 0.92 0.81 !}
17 508 8 2! 406 1280.0 S35 -3.8482 13.0121 78 75 4.0816 4,422 0.85 0.77 1!
14 311 422 15168 633 -14.4737 19.0126 7 - 85 4.4140 4.9302 0.91 0.77 1
20 4% IS8 985.6 700 -19.4805 19.837% n 82 4.3318 4.8530 0.91 0.75 1!
J 530 374 1420.8 633 -9.0909 13,4281 n 70 4.3094 4,475 0.89 0.79 !}
320 630 390 I392.0 600 -b.4535 14.0%49 n 72 4,326 46768 0.91 0.78 i
3871 298 1004.4 667  -32.0513 20.2108 78 53 4,2684 4.7712 0.89 0.71 |
MBI 298 10144 800 -32.5000 22.104) §0 54 4,1141 45456 0.85 0,66 1!
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ETHYL FUEL COMPATIBILITY-HDPE
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ETHYL FUEL COMPATIBILITY—-HDPE
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ETHYL FUEL COMPATIBILITY—=DELRIN

(AIR, TWO, FOUR & TWELVE WEEK)

160

NOILVONOT3 %

2 T L e e Lo 7
AT NI AR SRR ARV AR
VALY T AT TR0 7 X7 7
A AT AAA L A LA A1 1F A AL II I,
A5/ ARAAN NANRY RN ARRNS ARV AR
VZVZ A7 Y I A2 X770 7 X 77
A2 (LA ALY,
FNNANANN AN NN
VO IV U
VAL AL A IINYY,
OSSO
I TN T XTI T
e Z i v
AN AN AN AN
WL LR 07X 7
LAY LA LAY AL LAY,
AN NN NN AN NN
(W IAL2X 2077877
LI ALY,
AN AN AN AN NN
SIS OV T4
YA 1A YA TAALY,
AFANRANARRAN ANRAN NN
AL T
EROSONN N RNNINNRNN
Q O O o] 0 O O @] o] O
m o ~ w n <t ) N -

12 WEEK

NN

4 WEEK

FUEL BLENDS

71 AR

RN 2 week




P71

ETHYL FUEL COMPATIBILITY—DELRIN
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Appendix 4

fects of the HiTEC 3000 Performaﬁce Additive on Hydrocarbon Species

in Automobile Exhaust Emissions

I. Test Protocol

Southwest Research Institute (SWRI) is a nationally
recognized independent test laboratory specializing in automotive
emissions testing, and is one of the few labs capable of
speciation testing of automobile exhaust hydrocarbons. For
these reasons, Ethyil Corporationg ("Ethyl”) chose SWRI to
determine the effect of the HiTEC™ 3000 Performance Additive
("HiTEC 3000”) on the species of hydrocarbons emitted from the
tailpipe.

SWRI conducted this testing, described in more detail below,
on two vehicles from the 48-car durability test fleet described
in Appendix 1. One of the vehicles (F-3) had accumulated 67,096
miles running -on Howell EEE fuel containing 0.03125 gm of
manganese per gallon as HiTEC 3000. The second car (F-5) had
accumulated 66,578 miles running on clear Howell EEE fuel. Ethyl
selected these vehicles for testing because they had what were
considered to be advanced emission control systems, including
close-coupled catalysts.

The cars were transported to SWRI in San Antonio, Texas by
trailer. On arrival, SWRI checked the vehicles using the Federal
Test Procedure (except for the SHED Test), to be sure that their

-emissions systems had not :been damaged in transit. SWRI
conducted this initial testing for regulated emissions only (HC,

CO, and NO,) and performed the tests with the fuel then in the
tanks. The results of the last three tests in Detroit and this
initial test in San Antonio are shown in Attachment 4-1. After
comparing these results, Ethyl authorized the tests to proceed.

In the first part of the test program, cars were fueled with

Howell EEE. SWRI then added 0.03125 gm manganese per gallon as

HiTEC 3000 to car F-3, and added xylenes to the fuel in car F-5
to make the same octane as the HiTEC fuel. Mixed xylenes were
selected as being representative of an aromatic stream from a
refinery which - might be used as an octane blend stock if HiTEC
3000 could not be used.” The vehicles were run 500 miles and
tested, and run another 500 miles and tested. At each test
point, SWRI tested for speciation of hydrocarbons, and other
regulated and unregulated emissions, as described in
Attachment 4-2.
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Next, SWRI conducted the same operation using a commercial
fuel with added HiTEC 3000 or xylenes, (again blended to the same
octane number) except that each car was run 1,000 miles, tested,
then another 1,000 miles on the same fuel and tested again.

Following the commercial fuel tests, SWRI performed the same
operation using a reformulated fuel.

A more detailed discussion of the test protocol is provided
in Attachment 4-2. Analytical procedures describing the tests
conducted by SWRI are provided in Attachment 4-3. Fuel

specifications and analyses for the various test fuels are given
in Attachment 4-4.

II. Summary of Test Results

Results, expressed as mg/mile, are given in Attachment
4-5,4-6, and 4-7 for each test of each of three fuels tested.
The results are summarized in Attachment 4-8.

It can be seen in Attachment 4-8 that total hydrocarbon
emissions were lower by about 10% when HiTEC 3000 Additive was
present in the first two fuels tested. Total hydrocarbons were
about the same in the reformulated fuel. However, the percentage
of methane in the emissions increased in all three fuels with the
HiTEC 3000 Additive. Therefore, in all three cases, the
non-methane hydrocarbons were lower when the HiTEC 3000 Additive
was present. Since methane is virtually non-reactive in ozone
formation, this fact 1is significant. The amounts of reactive
hydrocarbons in general are lower when the HiTEC 3000 Additive is
used. The C,-Ce alkenes and alkynes are considerably lower
with all three fuels when the additive is added. Aldehydes and
ketones are also lower when the HiTEC 3000 is present. All of
these reactive hydrocarbons are important in ozone formation.
The combination of decreased reactive hydrocarbons and the
significant lowering of NO, due to the HiTEC 3000 Additive
usage could be very impor%ant in controlling ozone levels in
urban areas.

4-6L1
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Attachment 4-1
Results of Federal Test Procedure For Regulated
Emissions on Cars F-3 and F-5 Prior to

Leaving Detroit, and on Arrival in San_ Antonio

Emissions in Gms/mile
Fuel: Howell EEE for Car F-5
Howell EEE Plus HiTEC 3000 for Car F-3

At Detroit At San Antonio
Mileage Mileage

Car F-3 60M 65M 674 67M

HC 0.607 0.559 0.576 0.49

“NO, 0.887 0.803 0.802 0.73

co 1.537 1.404 1.435 1.30

Car F-5

HC 0.519 0.530 0.498 0.52

NO, 1.625 1.472 1.119 0.96

co 2.761 2.658 2.208 1.74




P.76

10
11

12
13
14
15

16
17

18

Attachment 4-2
STEPWISE TEST SCHEDULE FOR _SPECIATION TESTING

Description

Obtain two test vehicles from Ethyl’s Detroit test fleet. Run
cold-start 3-bag FTP on each vehicle as received and report emissions
data to Ethyl. If then directed to proceed by Ethyl, proceed to Step
2 (no hydrocarbon speciation obtained in Step 1).

On clear fuel car, drain and fill with Howell EFE + xylenes.

Perform 500 miles (half expressway and half 25 mph) driving with
Howell EEE + xylenes.

Prep clear fuel car for first test.

Run FTP Test 1 on clear fuel car with Howell EEE + xylenes. Sample
requlated exhaust emissions and conduct hydrocarbon speciation.
Sample unregulated aldehyde and ketone exhaust emissions.

Repeat Step 5 as Test 2.

Repeat Steps 3 to 6 as Test 3 and 4.

Drain and fill clear fuel car with commercial unleaded gasoline +
xylenes.

Perform 1,000 miles (half expressway and half 25 mph) driving with
commercial unleaded gasoline + xylenes.

Prep clear fuel car.

Run FTP test 5 on clear fuel car with commercial unleaded gasoline +
xylenes. Sample regulated exhaust emissions and conduct hydrocarbon
speciation. Sample unregulated aldehyde and ketone exhaust emissions.
Repeat Step 22 as Test 6.

Repeat Steps 9 to 12 as Tests 7 and 8.

Drain and' fill clear fuel car with reformulated fuel + xylenes.

Perform 1,660 miles ~(half expressway and half 25 mph) driving with
reformulated fuel + xylenes.

Prep clear fuel car.

Run FTP Test 9 on clear fuel car with reformulated fuel + xylenes.
Sample regulated exhaust emissions and conduct hydrocarbon
speciation. Sample unregulated aldehyde and ketone exhaust emissions.

Repeat Step 17 as Test 10.
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Step
19

20
21

22
23

24
25
26

27

28
29

30
31
32
33

34

35

36
37

Attachment 4-2 (continued)
STEPWISE TEST'SCHEDULE FOR ETHYL TASK

Description

Repeat Steps 15 through 18 as Tests 11 and 12.
On HiTEC 3000 car, drain and fill with Howell EEE + HiTEC 3000.

Perform 500 miles (half expressway and half 25 mph) driving with
Howell EEE + HiTEC 3000.

Prep HiTEC 3000 car for Test 13.

Run FTP Test 1 on HiTEC 3000 car with Howell EEE + HiTEC 3000. Sample
regulated exhaust emissions and conduct hydrocarbon speciation.
Sample unregulated aldehyde and ketone exhaust emissions.

Repeat Step 5 as Test 14.

Repeat Steps 21 to 24 as Tests 15 and 16.

Drain and fill HiTEC 3000 car with commercial unleaded gasoline +
HiTEC 3000.

Perform 1,000 miles (half expressway and half 25 mph) driving with
commercial unleaded gasoline + HiTEC 3000.

Prep HiTEC 3000 car.

Run FTP Test 17 on HiTEC 3000 car with commercial unleaded gasoline +
HiTEC. Sample regulated exhaust emissions and conduct hydrocarbon
speciation. Sample unregulated aldehyde and ketone exhaust emissions.

Repeat Step 29 as Test 18.

Repeat Steps 27 to 30 as Tests 19 and 20.
Drain and'fill HiTEC 3000 car with reformulated fuel + HiTEC 3000.

Perform 1,000° miles (half expressway and half 25 mph) driving with
reformulated fuel + HiTEC 3000.

Prep HiTEC 3000 car.

Run FTP Test 21 .on HiTEC 3000 car with reformulated fuel + HiTEC
3000. Sample regulated exhaust emissions and conduct hydrocarbon
speciation. Sample unregulated aldehyde and ketone exhaust emissions.
Repeat Step 35 as Test 22.

Repeat Steps 33 through 36 as Tests 23 and 24.

*Steps 2-19 will run concurrently with Steps 20-37.
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Attachment 4-3

Analytical Test Procedures For Ethyl Speciation Task
Regu]ated exhaust emissions , a hydrocarbon speciation, and

unregulated exhaust emissions (aldehydes and ketones) were evaluated. The
analytical procedures are described below:

€y_- _C;_Hydrocarbons, Benzene, and Toluene - For measurement

of selected individual hydrocarbons, methane (CHy), ethane
(CoHg) s ethylene (C,Ha),  acetylene (CoHa)  propane
(CiHg).  and  propylene  (C3Hg),  benzene (C,Hg),  and
toluene (C7H8), a sample of (VS-diluted exhaust is collected
in a Tedlar bag.  This bagged sample is then analyzed for
individual  hydrocarbons using a gas chromatographic system
containing four separate columns and a flame ionization
detector. . The peak areas are compared to an exterpal calibration
blend and the individual hydrocarbon concentrations are obtained
using a Hewlett-Packard 3353 computer system.

1.3-Butadiene - The procedure was developed to measure
1,3-butadiene in dilute vehicle exhaust. In addition to

1.3-butadiene, the procedure provides separation and exhaust:

concentrations for six other C, hydrocarbons including:

- 1sobutane, butane, 1-butene, isobutylene, cis-2-butene, and

trans-2-butene. Standard CVS bag samples are analyzed for
1,3-butadiene using a gas chromatograph equipped with a flame
ionization detector (FID). The gas chromatograph system utilizes

a Perkin-Eimer Model 3920B gas chromatograph with an FID, two

pneumatically-operated and electrically-controlled Seiscor
valves, and an anglytical column. The analytical column is a 9
ft. x 1/8 in. staffless steeT column containing 80/100 Carbopack
C with 0.19% picric acid. The carrier gas is helium, which flows
through the column at a rate of 27 ml/min. The column
temperature is maintained -at 40° C for analysis. External 1,3

butadiene standards in zero air are used to quantify the

results. Detection 1imits for the procedure are on the order of
0.03 ppm C in dilute exhaust for 1,3 - butadiene (0.5 mg/mile for
the FTP).




Attachment 4-3 (Cont’d.)

Cs - Cypo Hydrocarbons

This procedure permits the quantitztive determination of more than 80 individual
hydrocarbon spedes in automotive emissions. The gas chromatograph system utilizes a
Perkin-Elmer Model 39208 gas chromatograph equipped with subamblent capabilitles, a
capillary column, and @ fame lonization detector. The capillary column used In the System
is a Perkdin-Elmer F-50 Versilube, 150-# x 0.02-In. WCOT stainless stee! columin. The column
is initially ccoled to -135°F (-95°C) for sample injection. Upon Injection, the temperzture ls

rogrammed at a 7°F (4°C) Increase per minute to 185°F (85°C). The column temperature is
Eeld 2t 185°F for zpproxdmately 15 minutes to complete column fiushing. A flow controlle-
{s used to maintain a 1.5 mL/min helium carrer flow rate. The 10 mL sample volume
permits determination of 0.1 ppmC with the flame fonization detector.

Aldehvdes and Ketanes - The aldehydes and ketones that were included in this analysis are:

formaldehyde, aceraldehyde, acrolein, acetone, ~ propionaldehyde,  crotonaldehyde,

: isobulyra.ldchydC/mcmylcthy‘.k:tonc (not resolved from each other uncer normal cperating conditions
and so reported together), benzaldehyde, and hexznaldehyde, The mezsurement of the aldehydss and
ketones in exhaust is accomplished by bubbling the dilute exhzust 2t 4 L/min through chilled glass
impingers containing an aceronitrile soluton of 2.4-dinitophenylhydrazine (DNPH) and perchlorc acid.
The exhaust sample is collecied continuously during the test cycls. For analysis, a pordon of the
acetonitrile solution is injectsd into 2 liquid chromatogreph equipped with a UV detector.  Extermal

. stzndards of the aldehyde and ketone DNPH derivadves are used 1o quandfy tie results. Thess
standards were prepared by meking hydrazone derivatives of the various aldehydss 2nd ketones.
Sample sets were bracketed with standards analyzed before and after, - Standard 2rea2s had (0 repeat
within £ 10 percent for the szmple analyses to be accepted. Detecton limits for this procedurs are
on the order of 0.005 pprm 2ldehyde or ketone in dilute exhaust

Sampling System - TWO class impingers in series, each contzining 25 mL of 2n acetonitile
absorbing solution (0.625 g/L DNPH and five drops IN perchoric acid), were used 10 collect
exhaust samples for e znalysis of aldehydes and ketonss. These compounds are converied
1o their 2.4-dinitrophenylhydrazone derivatives in an acidic DNPH solutien. The two glass
jmpingers Tap approximately 99+ percent of the carbonyl compounds. The temperature of the
impingers was mainuzined at 0-5°C by an ice water bath, and the flow rate through the
impingsr was maintained at 4 1/minute by the sample pump. A dry gas meter was used to
determine the total fiow througn the impinger during 2 given sampling period. A dryer was
included in the sysiem to prevent condensation in the pump, Jowmater, dry gas el &,
Upon completion of each driving cycle, the impingers were removed from the sampling can
and the contents transferred 10 a 25 mL volumetric flask. When sampling intervals allowed,
additional acetonitrile was 2dded to the impingers to adjust for evaporaton losses. The addidon
of acetonitrile was genérally required when sampling periods excesded 20 minutes. The
samples were refrigerated undl analyzad to preserve the zcrolein dedivative.

Analytcal Procedure - A Perkin Elmer Seres 2/2 liquid chromatograph with 2 Perkin Elmer
LC-15B fixed wavelength UV detector operating at a wavelength of 350 nm was used 0
analyze the sample. A 10 pL porion of the sample was injected into the liquid chromatograph
system with the use of & model 7105 seprumless injector. The analydcal column is 2 25 ¢cm
x 4.6 mm Zorbaz ODS column and is preceded in the system by 2 5 ¢cm x 4.6 mm Permaphase
ODS guard column. The mobile phase is acetonitrile-water (72:28) with a gradient to 100
percent acetonigile at 2 rate of 1 percent per minute. The solvent flow was maintained at 0.3
mL per minute for the analysis. Analysis time was on the order of 40 minuies. To quantify
the results, the sample peak arcas were comparced 10 the peak areas of standard solutions.
Detection limits for this procedure are on the order of 0.005 ppm aldehyde or ketone in
exhaust.
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Attachment 4-3 (Cont’d.)

‘ The FTP Test Procedure was performed as specified in the Federal
Register, except that only exhaust emission testing was conducted. |
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' GASOLINE TEST FUELS FOR ETHYL CORPORATION - )
CEM-9-F  emaUF  £nm-RHP  caa8sP sm-sat-F C-922-F

27 el SRS ee il I 1B 24 B . A - 3B
s Commpotiton, Y% . ' .
Reformulated =~ ~ FL-15286 . 100.00 9485 . . o i
Commercial - FL-132G . e 10000 92.50 . .
Howell EEE Gasoline TLAISZIG - - . - 10000 9220
)fﬁxedelc:':.:s .. FL-1525G - - 447 - 6.10 . 6.80
Nermal Buucs . . 0.68 . 1.40 . 120
HiTEC 3000 Concentrate 24 oom = Bem —_— LS ore! —
TOTAL 10000 10000 . 10000 10000 10000  100.00
Test )
Popemies . Method
Graviry, 'AP] D 1298 593 58 6.6 610 - 388 563
Specific Gravly, &F - 02416 0.7440 0.1%0 (L7381 074% 075
Distillesion, ‘F D36 . | S .
RS : Lo wus Ry TR TR TS
020 134157 . BUISS LI 105125 UM LS/4S
‘ 040 . 178198 180002 14171 - 150180 ITIASS  ATIRO3
S0/ WY D40 191 240 A 1%
70/30 W05 70300 WUWS 2662 M8 1T
%095 365401 35500 34570 321353 LS4 309338
FBP | 44 40 410 405 £)
Resovery, V% . %.0 %0 .0 %0 ¥¢ %0
Reid Viper Presses, pd D323 695 710 1055 1050 893 9.08
Hydrocerbon Type, V& D 1319
Aromesiss . 22 - 264 29.8 364 2¢ 310
Olesins : 42 50 49 53 2 32
Senats . M6 &1 &3 mL 54
Elegean], Wi D3I+ . |
Cubon Y S T B T B 7 SRE 'Y U 1
Hydrogea 1384 14M4 1319 13.60 il SR kX1
Menganess, g/gd D 3831 0037 .00 . .
‘ Octanss ;
Rescerch D269 93.0 93.0 92.6 926 & 79
Morar D 2700 £33 840 25 825 g7 878

R+M2 §3.4 885 §1.6 - 816 924 929
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43142
4321
43294
43295
43250
43232
98054

43261
98055
43141
43252
43280
98090
90095
$314
43298
90063
98033

98059
43233
90002
90003
43136
45203

90010
90008
90016
90015

45204 -

43235
90034
45209
99908
45211
45208
45216
43238
9917

98044
45241
45218
99916
45109
5217
99918
90033
43241

5207 -
- 43294 -

Attachment 4-5

2,3-DINETHYLPENTANE/2-KETHYLHEXANE 1.1 15.6 13.4
CYCLOHEXENE 0.0 0.0 0.0
5-METHYL-2-HEXENE 0.0 0.0 0.0
3-NETHYLHEXANE 1.5 1.7 1.6
2,2,4-TRINETHYLPENTANE 51.3 67.1  59.2
N-EEPTANE 1.2 0.7 1.0
2,4,4-TRINETHYL~1-PENTENE 0.0 0.0 0.0
2,2,4-TRINETHYL-1-PENTENE 0.0 0.0 0.0
NETHYLCYCLOREXANE 0.3 0.0 0.2
2,4, 4~TRINETHYL-2-PENTENE 0.0 0.0 0.0
2,4/2-5-DINETHYLHEXANE 4.3 5.0 4.7
2,3, 4~TRINETHYLPENTANE 4.6 7.2 5.9
2,3,3-TRINETHYLPENTANR 3.8 5.5 4.6
2-NETHYL-3-HEPTENE 0.0 - 0.0 0.0
3,5,5-TRIMETHYL-1-HEXENE 0.0 0.0 0.0
2-/4-NETHYLHEEPTANE 0.5 0.7 0.6
3-METHYLHEPTANE 0.5 0.6 0.5
2,5-DIMETHYL-1,5-HEXADIENE 0.2 0.6 0.4
2,2,5-TRINETHYLEEXANE 0.3 0.5 0.4
2-ETHYL-1-HEXENB 0.0 0.0 0.0
1-CIS-4-DINETHYLCYCLOBEXANE 0.0 0.0 0.0
OCTANE 0.0 0.0 0.0
2,3,5-TRINETHYLHERXANR 0.0 0.0 0.0
2,4-DINETHYLHEPTANE 0.0 0.0 0.0
2,5/3,5-DINETHYLEEPTANR 0.0 0.0 0.0
ETHYLBENZENE 2.3 2.4 2.4
2,3-DINETHYLHEPTANE 0.0 0.0 0.0
P-XYLENE/N-XYLENE 7.5 8.1 7.8
2-NETHYLOCTANE 0.0 0.0 0.0
4-NETHYLOCTANE 0.0 0.0 0.0
3-NETHYLOCTANE 0.0 0.0 0.0
0-XYLENE ' 2.9 3.5 3.2
NONANE 0.4 0.2 0.3
TRANS-2-NONENE 0.0 0.1 0.1
PROPYLBENZENE 0.9 0.6 0.8
2,3-DINETHYLOCTANE 1.3 1.4 1.4
0-ETHYLTOLULENR 0.5 0.7 0.6
1,2,4-TRINETHYLBENZENE 3.9 3.2 3.6
ISOBUTYLBENZENE 1.4 0.2 0.8
DECANE 1.5 0.2 0.8
P-CYNENE 1.6 0.0 0.8
INDAN(E) 0.0 0.0 0.0
{-PHENYL-1-BOTENE 0.0 0.0 0.0
H-DIETHYLBENZENE 1.5 0.7 1.1
1-NETHYL-3-PROPYLBEN3ENE 0.0 0.0 0.0
K-BUTYLBENZENE,P-DIETEYLBENIENE 0.0 0.3 0.2
0-DIETHEYLBENIENR 0.0 0.0 0.0
2-METHYLDECANE 0.0 0.0 0.0
BICYCLOPENTTL 0.0 0.0 0.0
UNDECANR 0.0 0.0 0.0
1,3,5-TRINETHYLBENZENB 1.0 1.3 1.2
C7 OLEFINS 0.0 0.1 0.1
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0.0
5.8
6.3
4.3
0.0
0.0
0.6
0.7
0.3
0.4
0.0
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14.8
0.0
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1.7

61.8
0.8
0.0
0.0
0.6
0.0
34
5.3

4.‘ .
0.7.

0.7
0.4
0.5
0.0
0.8
0.0
0.0
0.0
0.0
0.0
0.0
6.1
0.0
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Page 3
Attachment 4-5 (continued)

43140 C9-Cl1 PARAFFINS, OLEFINS, AROKATIC 1.7 25 2.1 2.8 9.5 6.2

43502  FORMALDERYDE 5.3 5.5 5.4 6.6 6.0 6.3

43503  ACETALDEHYDE 1.8 1.5 1.6 2.2 2.1 2.1

43505  ACROLEIN 0.0 0.0 0.0 0.0 0.0 0.0

43551  ACETONE 1.0 1.0 1.0 1.5 1.4 1.4

43504  PROPIONALDEHYDE 0.1 0.0 0.0 0.0 0.1 0.1

43515  CROTONALDEHYDE 0.1 0.1 0.1 0.0 0.1 0.1

43511  ISOBUTYRALDFHYDE 0.1 0.1 0.1 0.1 0.1 0.1

43552  NETHYL ETHYL KETONE 0.1 0.1 0.1 0.1 0.1 0.1

45501  BENZALDEAYDE 0.5 0.5 0.5 0.3 0.7 0.7
43512  HEYANALDEHYDE 0.0 0.1 0.0 . 0.0 0. 0.0 -

HC 475.3 549.9  512.6 561.8 573.6  567.7

o) 1350.6  1410.2. 1380.4 2129.8  2287.8 2208.8

€02 462802.0 459736.9 461269.4 462502.6 462344.9 462423.8

NOX 945.1 935.6  940.3 1210.5 1536.2 13714

0.0 0.0

ALKANES (C1-C6) 271.9 336.3  307.1 293.8 326.3  310.0

ALKENES AND ALKYNES (C2-C6) 32.5 45.7 39.1 41.8 52.8 47,3

AROMATICS 49.2 52.8 51.0 © 85.6 9.8 90.2
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ATLacnment 4-o
Results of Speciation of Exhaust
Hydrocarbons Using Commercial
Gasoline Plus Additives as Shown

Commercial Gasoline Commercial Gasoline
Plus HiTEC 3000 Plus Xylenes

Fleet Car F-3. ' Fleet Car F-5
1000 MI 2000 NI AVERAGE 1000 MI 2000 MI AVERAGE

FTP P . FTP FIP

CODE COMPOUND HG/MI  MG/MI HG/MI  MG/MI
43201  METHANE 1373 127.3 1323 128.5  95.2 111.9
43203  ETHYLENE 3.2 194 2.3 7.8 2.2 5.0
43202  ETHANE 3.5 303 30.9 27.8  21.6 4.7
43206  ACETYLENE 0.9 0.9 0.9 1.2 1.2 1.2
43204  PROPANE 1.9 2.1 2.0 2.6 1.5 2.0
43205  PROPYLENE 9.8 8.3 9.0 10.5 9.5  10.0
43218 1,3-BOTADIENE 1.1 1.0 1.0 1.1 1.1 1.1
43214  ISOBUTANE 4.2 4.2 4.2 3.7 4.0 3.8
43212 BUTANE 3.5 323 329 : 39.9 0.7 40.3
43213 1-BUTENE 1.5 1.3 1.4 1.9 1.8 1.8
43215  ISOBOTYLENE 3.3 2.8 3.0 3.8 3.7 3.7
43217  CIS-2-BUTENE 1.0 0.8 0.9 1.4 1.3 1.4
43216  TRANS-2-BUTENE 1.3 0.9 1.1 1.7 1.5 1.6
45201  BENIENE 7.4 6.6 7.0 109  10.9  10.9
45202  TOLUENE 10.7 8.4 9.6 13.1 109 12,0
43221  ISOPENTANE 5.6 5.8  52.2 _45.4  ST.3 51.4
43224  1-PENTENE 0.0 0.4 0.2 0.0 0.0 0.0
43220  PENTANE 204 2.6 2.0 19.5 2.8  20.1
43225  2-NETHYL-1-BOTENE 0.8 0.0 0.4 0.4 0.0 0.2
43243 ISOPRENE(2-NETHYL-1,3-BOTADIENE) 0.4 0.1 0.3 0.6 0.1 0.4
43226  TRANS-2-PENTENE 1.2 0.7 1.0 1.0 1.4 1.2
43227  CIS-2-PENTENE 0.8 0.6 0.7 0.3 0.0 0.2
43228  2-HETHYL-2-BUTENE 4.8 1.5 3.2 3.4 3.4 3.4
43291  2,2-DINETHYLBUTANE 1.0 0.4 0.7 0.4 0.2 0.3
43292  CYCLOPENTENE 0.1 0.0 0.0 0.0 0.0 0.0
43242 CYCLOPENTANE. 0.2 0.0 0.1 0.2 0.2 0.2
43211  3-NETHYL-1-PENTENE 0.2 0.0 0.1 0.2 0.2 0.2
90007  4-METHYL-1-PENTENE 0.2 0.0 0.1 0.2 0.2 0.2
43276  2,3-DIMETHYLBUTANE 3.1 5.5 4.3 2.8 4.4 3.6
43234 2,3-DINETHYL-1-BOTENE 0.0 0.0 0.0 0.0 0.0 0.0
43229  2-METHYLPENTANE 7.2 7.4 7.3 6.5 7.9 7.2
43293  4-NETHYL-2-PENTENE 7.0 7.2 7.1 6.3 7.8 7.0
43376  HTBE 0.0 0.0 0.0 0.0 0.0 0.0
43230  3-KETHYLPENTANE 9.8 8.3 9.0 8.4 9.9 9.1
43289  2-METHYL-1-PENTENE/1-REXENE 0.4 0.4 0.4 0.7 0.4 0.5
43231  HEXANE 5.0 3.7 4.4 3.1 5.4 4.3
43289  C6 OLEFINS 1.4 0.8 1.1 2.5 1.3 1.9
43247 2,4-DIMETHYLPENTANE 1.5 0.8 1.2 1.9 1.4 1.6
43262  METRYLCYCLOPENTANE 6.5 4.4 5.4 7.5 6.4 7.0
43248  CYCLOEEYANE 0.7 0.0 0.4 0.0 0.4 0.2
43272 METHYLCYCLOPENTENE .0 0.3 0.1 0.5 0.2 0.4
43289 - 3-NETHYL-1,3-PENTADIENE 0.7 0.0 0.4 0.0 0.4 0.2
3142 2,3-DINETHYLPENTANE/2-NETHYLHEXANE 7.5 7.7 7.6 7.9 8.9 8.4
0.0 0.0 0.0 0.0

43273 CYCLOHEXENR ~ - : 0.0 0.0
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43294
43295
43250
43232
98054

43261
98055
43141
43252
43280
98090
90095
3141
43298
90068
98033

98059
43233
90002
90003
43136
45203
90006
90010
90008
90016
90015
45204
43235
90034
45209
99908
45211
45208
45216
43238
9917

93044
45241
45218
99916
45109
5217

99918 .

90033
3241
45207
43294
43140
- 43140

5-HETHYL-2-EEYENE
3-NETHYLEEXANE

2,2, 4-TRINETHYLPENTANE
N-HEPTANE

2,4, 4-TRINETHYL-1-PENTENE
2,2, 4-TRINETHYL~1-PENTENE
HETEYLCYCLOHEXANE

2,4, 4~TRINETHYL-2-PENTENE
2,4/2-5-DINETRYLHEXANE
2,3, 4~TRINETHYLPENTANE
2,3,3-TRINETHYLPENTANE
2-NETHYL-3-HEPTENE
3,5,5-TRINETHYL-1-HEXENE
2-/4-NETHYLEEPTANE
3-HETHYLBEPTANE
2,5-DINETHYL-1,5-HEXADIENE
2,2,5~TRINETHYLEEXANE
2-ETHYL-1-HEXENE
1-CIS~4-DINETHYLCYCLOHEXANE
OCTANE
2,3,5-TRIMETHYLEEXANR
2,4-DINETHYLEEPTANR
2,5/3,5-DINETRYLEEPTANE
ETHYLBENZENE
2,3-DINETEYLEEPTANR
P-XYLENE/N-XYLENR
2-NETHYLOCTANE
4~METHYLOCTANE
3-HETHYLOCTANE

0-XYLENE

HONANE

TRANS-2-NONENE
PROPYLBEN3ENE
2,3-DINETEYLOCTANE

0~ ETHYLTOLULENE

1,2, 4-TRIKETHYLBENIENR
ISOBUTYLBENZENE

DECANE

P-CYNENE

INDAN(E)
4~PHENYL-1-BOTENE
N-DIETEYLBENZENE
1-KETHYL-3-PROPYLBENIENE

N-BUTYLBENZENE,P-DI ETHYLBENZENE

0-DIETHYLBENZENE
2-NETHYLDECANE
BICYCLOPENTYL
UNDECANE
1,3,5-TRINETHYLBENZENR
C7 OLEFINS

C8-C9 OLEFIES

C9-C11 PARAFFINS, OLEFINS, AROMATIC

Attachment 4-6

0.0 0.0 0.0 0.0
3.7 {1 3.9 3.9
12.6 10.4 11.5 14.1
1.2 0.7 1.0 1.5
0.0 0.0 -~ 0.0 0.0
0.0 0.0 0.0 0.0
1.6 0.9 1.2 1.5
0.0 0.0 0.0 0.1
2.4 1.3 1.9 2.6
4.1 3.5 3.8 4.8
5.9 5.0 5.4 5.8
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
2.0 1.6 1.8 2.2
1.8 1.5 1.7 2.0
0.0 0.0 0.0 0.0
1.2 0.9 1.1 1.3
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.7 0.4 0.6 0.6
0.0 0.0 0.0 0.0
0.0 1.0 0.5 0.0
0.2 0.3 0.3 - 0.0
2.5 1.8 2.1 5.2
0.0 0.0 0.0 0.0
8.3 8.1 8.2 20.5
0.2 0.2 0.2 0.2
0.2 0.2 0.2 0.2
0.0 0.0 0.0 0.0
3.5 2.9 3.2 1.7
0.4 0.4 0.4 0.4
0.0 0.0 0.0 0.0
0.7 0.6 0.6 0.8
1.3 1.2 1.2 2.2
0.7 0.7 0.7 0.9
35 4.5 4.0 4.2
1.2 1.9 1.6 0.3
1.3 2.0 1.7 0.3
1.2 1.2 1.2 0.8
0.1 0.1 0.1 0.4
0.0 0.0 0.0 0.0
2.2 0.9 1.6 0.5
0.0 0.0 0.0 0.0
0.4 0.5 0.5 0.5
0.0 0.0 0.0 0.0
0.5 0.5 0.5 0.7
0.0 0.0 0.0 0.0
0.0 0.4 0.2 0.0
1.2 0.9 1.1 1.8
0.2 1.2 0.7 0.5
0.0 1.7 0.8 0.0
1.5 0.6 1.0 2.9
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43502
43503
43505
43551
43504
43515
43511
43552
§5501
43512

FORMALDERYDR
ACETALDEHYDE
ACROLEIN

ACETONE
PROPIONALDERYDE
CROTONALDEHYDE
1S0BOTYRALDEHYDE
NETHYL ETHYL KETONE
BENZALDERYDE
HEXANALDERYDE

BC

o1

002

NoX

Attachment 4-6

5.5 4.8 5.2
1.7 1.8 1.8
0.1 0.0 0.1
1.4 1.5 1.5
0.2 0.1 0.2
0.1 0.1 0.1
0.1 0.1 0.1
0.1 0.1 0.1
0.2 0.3 0.3
0.0 0.1 0.0

510.0 478.1 494.0
1723.8 1268.7 1496.3
450404.7 448752.8 449578.8
889.7  833.8  86l.7

) . - -
. . - . -
O e 0O O W

540.1
2433.8

1262.0

. 447878.6 443792.3 445835.4 .

Page 3

7.2 6.7
2.4 2.3
0.0 0.0
1.7 1.9
0.3 0.3
0.1 0.1
0.2 0.1
0. 0.1
0.5 0.4
0.0 0.0
568.0  554.0
219.6  2376.7
1138.9  1200.5
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Attachment 4-7
Results of Speciation of Exhaust
Hydrocarbons Using Reformulated
Gasoline Plus Additives as Shown

Reformulated
Gasoline Plus
HiTEC 3000
Fleet Car F-3

1000 NILES 2000 KILES AVERAGE

TP FTP-- ~ FIP
CODB CONPOUND HG/ML NG/MI HG/MI
43201,  NETHANE 156.5 165.2  160.8
43203  ETHYLENE 2.9 5.7 3.8
43202  ETHANE 7.1 39.1  38.1
43206  ACETYLENE 1.6 1.6 1.6
43204  PROPANE 2.6 2.7 2.6
43205  PROPYLENE 10.8 13.0 11.9
43218 1,3-BOTADIENE 0.8 1.3 1.1
43214  ISOBOTANB 1.2 1.7 14
43212 BUTANE 17.8 18.7 183
43213 1-BUTENE 1.3 1.7 1.5
43215  ISOBUTYLENE 8.0 © 9.8 8.9
3217 CIS-2-BUTENR 0.9 0.9 0.9
43216  TRANS-2-BUTENE 1.1 1.2 1.1
45201  BENIENR 6.8 9.3 8.1
45202  TOLUENE 6.1 7.4 6.7
43221  ISOPENTANE 51.2 53.3 5.2
43224  1-PENTENE 0.2 0.3 0.3
43220  PENTANR 9.9 7.8 8.8
43225  2-NETHYL-1-BUTENE 0.0 0.0 0.0
43243  ISOPRENE(2-METHYL-1,3-BUTADIENE) 0.3 0.5 0.4
43226  TRANS-2-PENTENE : 1.0 0.0 0.5
43227  CIS-2-PENTENE 0.6 0.0 0.3
43228  2-NETHYL-2-BUTENE 1.8 1.2 1.5
43291  2,2-DINETEYLBUTANE 0.1 0.0 0.1
43292  CYCLOPENTENE 0.3 0.0 0.2
43242 CYCLOPENTANE 0.3 0.2 0.2
43211  3-NETHYL-1-PENTENE 0.3 0.2 0.2
90007  4-NETHYL-1-PENTENE 0.3 0.2 0.2
43276 2,3-DIKETHYLBUTANE 8.8 9.7 9.3
43234 2,3-DINETHYL-1-BUTENE 0.0 0.0 0.0
43229  2-NETHYLPENTANE 5.0 8.4 6.7
43293  4-NETHYL-2-PENTENE 4.9 8.2 6.6
43376  NTBB 5.8 5.5 5.7
43230  3-METHYLPENTANE 8.4 9.0 8.7
43289  2-NETHYL-1-PENTENE/1-REXENE 0.4 0.4 0.4
43231  HEXANE 2.5 .1 2.8
43289  C6 OLEPINS 1.3 1.0 1.1
43247 2,4-DINETHYLPENTANE 5.6 4.3 5.0
43262  NETHYLCYCLOPENTANE 8.3 6.9 7.6
43248  CYCLOHEYANE 0.1 0.1 0.1
43272 METHYLCYCLOPENTENR 0.2 0.5 0.3
43289 3-METHYL-1,3-PENTADIENE 0.1 0.1 0.1
43142 2,3-DINETEYLPENTANE/2-METBYLAEXANE 9.1 10.2 9.6
43273  CYCLOEEXENR 0.0 0.0 0.0

Reformulated
Gasoline Plus
Xylenes
Fleet Car F-3

1000 KILES 2000 NILES  AVERAGE
FIP FIP FIP
NG/ NG/NL  NG/MI

147.7 148.7
25.6 27.4
32.0 32.3
1.9 1.8 L9
2.1 2.0

12.4 14.7
1.1

149.6
29.1
32.6
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Page 2
Attachment 4-7

43294  S-HETHYL-2-HEYENE 0.0 0.0 - 0.0 0.0 0.0 0.0
43295  3-NETHYLHEXANE 3.9 4.7 4.3 2.8 3.1 2.9
43250  2,2,4-TRIMETEYLPENTANE 31.0 33.3 32.1 26.8 27.7 27.2
43232  H-HEPTANE 1.4 0.9 1.1 0.9 1.2 1.0
9805¢  2,d,4-TRINETHYL-1-PENTENE 0.0 0.0 0.0 0.0 0.0 0.0

2,2,4-TRINETHYL~1-PENTENE 0.0 - 770.0 0.0 0.0 0.0 0.0
43261  METHYLCYCLOHEXANE 2.4 2.7 2.5 2.7 2.8 2.7
98055 2,4, 4-TRINPTHYL-2-PENTENE 0.0 0.0 0.0 0.5 0.0 0.2
43141  2,4/2-5-DIMETHYLEEXANE 5.5 6.0 5.8 3.9 5.7 4.8
43252 2,3, 4-TRINETHYLPENTANE 9.9 9.4 9.7 7.8 3.4 8.1
43280  2,3,3-TRIMETHYLPENTANR 11.6 13.6 12.6 10.6 11.6 11.1
93090  2-NETHYL-3-HEPTENR 0.0 0.7 0.3 0.3 0.0 0.2
90095  3,5,5-TRIMETHYL-1-HEXENE 0.0 0.7 0.3 0.3 0.0 0.2
43141  2-/4-NETHYLHEPTANE I 1.5 1.3 1.1 1.4 1.2
43298  3-METHYLHEPTANB 1.0 1.1 1.1 0.9 . 1.1 1.0
90068  2,5-DIMETHYL-1,5-HEXADIENE 0.0 0.0 0.0 . 0.0 . - 0;0 0.0
98033  2,2,5-TRIMETHYLHEXANE 7.6 5 8.1 6.5 7.7 7.1

2~HHYL-1-HBXK!IE 0.0 . 0.0 0.0 0.0 - 0.0 0.0
98059  1-CIS-4-DINETHYLCYCLOHEYANE 0.7 0.0 0.4 0.7 0.0 0.3
43233  OCTANE 0.5 0.5 0.5 0.5 0.6 0.5
%0002  2,3,5~-TRIMETEYLHEXANER 0.0 0.7 0.3 0.0 0.6 0.3
90003 . 2,4-DINETHYLBEPTANE 0.0 0.4 0.2 0.0 0.0 0.0
43136  2,5/3,5-DINETHYLHEPTANR 0.3 0.5 0.4 0.6 0.6 0.6
45203  ETHYLBENZENB 1.4 1.7 1.5 3.2 4.5 3.9
90006  2,3-DIMETEYLHEPTANE 0.0 0.0 0.0 0.0 0.0 0.0
90010  P-XYLENE/N-XYLENE 4.3 4.2 4.2 12.6 14.2 13.4
90008  2-METHYLOCTANE 0.1 0.2 0.2 0.2 0.2 0.2
90016  4-METHYLOCTANE 0.1 0.2 0.2 0.2 0.2 0.2
90015  3-METHYLOCTANE 0.0 0.0 0.0 0.0 0.0 0.0
45204  O-XYLENE 2.1 2.8 2.5 4.9 6.6 5.7
43235  NONANE . 0.5 0.5 0.5 0.7 0.7 0.7
90034  TRANS-2-HONENE 0.0 0.0 0.0 0.5 0.0 0.2
45209  PROPYLBENZENE 0.1 0.2 0.2 0.7 0.5 0.6
99908  2,3-DINETHYLOCTANE 1.1 0.9 1.0 1.0 1.6 1.3
45211  O-ETHYLTOLULENR 0.5 0.5 0.5 0.4 0.6 0.5
45208  1,2,4-TRIKETHYLBENZENE 1.5 2.0 1.8 3.7 4.4 4.1
45216  ISOBUTYLBENZENE 0.2 0.0 0.1 1.0 0.2 0.6
43238  DECANE 0.0 0.0 0.0 1.0 0.2 0.6
9917 P-CYMENE 0.4 0.4 0.4 . 2.9 1.1 2.0
98044  INDAN(R) 0.0 0.0 0.0 0.0 0.0 0.0
45241  4~PHENYL-1-BUTENE 0.0 0.0 0.0 0.0 0.0 0.0
45218  N-DIETHYLBENZENE 0.4 0.5 0.5 2.5 1.1 1.8
99916  1-METHYL-3-PROPYLBENZENE 0.0 . 0.0 0.0 0.0 0.0 0.0
45109  N-BUTYLBENZENE,/P-DIETEYLBENZENE 0.4 0.3 0.4 0.6 0.6 0.6
45217  O-DIETHYLBENZENE 0.0 0.0 0.0 0.0 0.0 0.0
99918  2-METHYLDECANE 0.4 0.2 0.3 1.1 0.8 1.0
90033  BICYCLOPENTYL 0.0 0.0 0.0 0.0 0.0 0.0
43241  UNDECANE 0.0 0.5 0.2 0.0 0.0 0.0
45207  1,3,5-TRINETHYLBENZENE 0.9 1.6 1.3 1.3 2.1 1.7
4329¢  C7 OLEFINS 0.6 2.4 1.5 1.7 2.5 2.1
43140  C3-C9 OLEFINS 0.7 1.2 0.9 1.7 1.6 1.6
43140  (9-Cl11 PARAFFINS, OLEPINS, AROMATIC 0.0 2.1 1.0 0.7 1.6 1.2
43502  FORMALDEHYDR 5.7 6.4 6.1 6.3 7.0 6.6
43503  ACETALDEHYDR 0.9 2.0 1.5 1.6 1.8 1.7
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43551
43504
43515
43511
43552
§5501
43512

ACETONE
PROPIONALDEHYDE
CROTONALDERYDE
ISOBUTYRALDEHYDE
NETHYL ETHYL KETONE
BENZALDERYDE
HEXANALDEHYDE
HC

0

002

NOX

C1-C6 ALKANES

C2-C6 ALKENES AND ALKYNES

ARONATICS

Attachment 4-7

1.6 2.5 2.1
0.0 0.0 0.0
0.1 0.1 0.1
0.2 0.0 0.1
0.2 0.0 0.1
0.2 0.2 0.2
0.1 0.0 0.0
529.5 604.9  567.2

1534.6  1680.5 1607.5
450876.2  451584.2 451230.2
959.7  1003.8  981.8

375.9 394.0  385.0

57.5 . 67.6 62.6
24.9 30.4 27.6

Page 3

1.5 2.7 2.1
0.0 0.0 0.0
0.1 0.0 0.0
0.1 0.0 0.1
0.1 0.0 0.1
0.2 0.3 0.3
0.0 0.0 0.0

535.8 589.7  S62.
2397.2 2546.9 2472.0
446808.3 445041.5 445924.9
1515.1 1297.7  1406.4
352.6 370.6  361.6
68.2 77.3 72.7
47.6 53.8 50.7
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Attachment 4-8

SURMARY OF SPECIATION TEST RESCLTS
Fleet Car F-3

HOWELL EEE + BIiTEC 3000
500 1000
NILES  HILES AVERAGE
FIP FTP TP

COXPOTID WD ¥ OKGMI  Xo/I
8e 5.3 540.9  512.6
(a.¢] 1350.6 1410.2 1330.4
Q02 462802.0 ¢59736.9 461269.4
(o) 945.1 935.6  940.3
ALRANES (C1-C6) 847 047 2797
ALKENES AND ALKYNES (C2-C6) 29.3 39,7 34.5
AROMATICS 53.0 5.9  55.0
ALDEEYDES AMD KETOWES 9.1 87 8.9

COKPOTHD HG/HT

(Commercial Gasoline

+ HiTEC 3000)
EN-985-F

1000 2000

MILES MILES AVERAGE

FIP - FTP FIP
HGNMI  MG/KI

BC 510.0 478.1  494.0
) 1723.8  1268.7 1496.3
002 450404.7 448752.8 449578.8
NoY 889.7 833.4  861.7
ALKANES {C1-C6) 4.4 2164 25,4

ALKENES AND ALKYNES (C2-C6) 50.0  38.9 4.5

AROXATICS 42.5 37.8 40.1
ALDERYDES AND KETONES 9.6 8.9 5.2
(Reformulated Gasoline
;-950-F 1 HiTEC 3000)
1000 2000
KILES NILES AVERAGE
TP FTP FIP
COXPOUND ¥G/MI XG/MI  RG/MI
BC 529.5 604.9  567.2
o0 1534.6 1680.5 1607.%
002 150876.2 451584.2 451230.2
JoX $59.7 1003.8  981.8
ALKANES (C1-C6) 3759 3900 385.0
ALKENES AND ALKYNES (C2-C6) 57.5 67.6 62.6
AATICS 2.9 30.4 7.6
ALDEEYDES AND KETONES 8.9 117 10.3

Fleet Car F-5

HOWELL EE4 XYLENES
500 1000
KILES  NILES AVERAGE
FIP TP MP
MG/KI  NGMI  XonI
561.8  573,6  567.7
2129.8 2287.8  2208.8
462502.6 (62344.9 462423.8
1210.5 1536.2 1373.4
206,86  299.4  283.1
37.3 {7.0 42.1
4.5  103.8 99.1
1.3 106 109
(Commercial Gasoline
+ Xylenes)

- IN-985-F

1000 2000
MILES  KILES AVERAGE
P P PP
NO/T  NG/MT  NG/MI
$40.1  568.0 554.0
338 219.6 23767
447878.6 443792.3 445835.4
1262.0 1138.9 1200.5
7.4 Ul 543
553 L3 513
664 648  65.6
N4 127 12

(Reformulated Gasoline
EX-991-F + X_Y'I enes )
1000 2000
MILES  HILES AVERAGE
FTP FIP FTP
XG/MI  NG/MI  NG/MI
535.@ 589.7  562.7
2397.2  2546.% 2472.0
446808.3 445041.5 445924.9
1515.1 1297.7 1406.4
352.6 370.6 361.6
63.2 77.3 72.7
47.6 53.8 50.7
9.9 11.8 10,9

* To convert to grams per mile the decimal point should be moved
three spaces to the left. Thus, 475.3 mg per mile is equal to

.4753 grams per mile.
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Executive Summary

The fleet testing program developed and conducted by Ethyl Petroleum Additives,
Inc. to support their waiver request for the use of HITEC® 3000 Performance Addi-
tive (HiTEC 3000) in unleaded gasoline is one of the most comprehensive programs
ever undertaken by a single company. The purpose of the test program was to
demonstrate that the use of HITEC 3000 will not cause or contribute to a failure of
emission control systems or devices and thereby adversely affect air quality. In
order to quantify the effects of HITEC 3000 Ethyl, retained the services of Systems
Applications, Inc. to analyze data from the Ethyl fleet testing and speciation pro-
grams and perform photochemical grid model simulations to determine the effect of
HIiTEC 3000 on urban air quality.

The Ethyl fleet testing program data was analyzed to determine the effects HITEC
3000 has on mobile source exhaust emissions. The EPA mobile source emission pro-
gram, MOBILE4, was modified to reflect the effect HITEC 3000 has on deterioration
rates for exhaust emissions of total hydrocarbons (THC), nitrogen oxides (NO,), and
carbon monoxide (CO). The standard MOBILE4 and MOBILE4 modified to account
for the effects of HITEC 3000 was then used to develop a light duty gas vehicle
(LDGV) emission inventory for the year 1994 assuming full penetration of HiTEC
3000 into the LDGYV fleet starting in 1991. The effect of HiTEC 3000 on LDGV
exhaust emissions was to decrease NO, and CO emissions and slightly increase THC
emissions. Non-LDGV emissions were based on the 1985 National Acid Precipitation
Assessment Program (NAPAP) inventory projected to 1994.

The Ethyl emissions speciation program data were utilized to define the chemical
composition of the LDGV exhaust and evaporative THC emissions to reactive species
needed by the Carbon Bond IV chemical mechanism used by the UAM. In the specia-
tion program fuel octane was kept constant by adjusting aromatic content: when
HIiTEC 3000 was included in the test fuel, the aromatic content was lower. The

90034p1 1




P.94

speciation data for the commercial fuel plus aromatics and commercial fuel plus
HIiTEC 3000 (i.e., constant octane fuéls) were used for, respectively, the 1994 base
case and 1994 HiTEC 3000 emission scenarios. The increase in reactive hydrocarbons
associated with fuel containing the additional aromatics in gasoline more than com-
pensated for the increase in THC emissions associated with HITEC 3000 reéulting in
less reactive hydrocarbon emissions for the HITEC 3000 emission scenario than the
base case. Two sensitivity tests were also performed: one used the same LDGV
exhaust and evaporative speciation profile to convert THC emissions to its reactive
components for the base case and HITEC 3000 emission scenario (i.e., different
octane fuels) while the other eliminated all emissions from LDGV.

The UAM was exercised for two cities, Philadelphia and Atlanta, to assess the
effects of HITEC 3000 on urban air quality. The use of HiTEC 3000 had a very small
effect on ozone concentrations. The peak calculated ozone concentration was
reduced 0.5 percent due to the use of HITEC 3000 in both cities. In Philadelphia, the
use of HITEC 3000 resulted in a decrease of the peak ozone concentration of 0.5 ppb,
from 183.5 ppb to 183.0 ppb. This is compared to a reduction of the peak ozone con-
centration of 10.9 ppb when all LDGV emissions are eliminated. Thus the introduc-
tion of HiITEC 3000 in 1991 into all LDGYV in Philadelphia is equivalent in terms of an
ozone attainment strategy to taking 170,000 (5 percent) of the gasoline vehicles off
the road. Similar results were seen in Atlanta where the peak ozone concentration
was reduced 0.4 ppb (0.3 percent), from 125.9 ppb to 125.5 ppb, due to-the use of
HiTEC 3000 compared to a peak ozone concentration of 120.4 ppb when all LDGV
emissions are eliminated. In Atlanta the use of HiTEC 3000 is equivalent to remov-
ing 129,000 (7 percent) of the gas vehicle fleet.

The ozone National Ambient Air Quality Standard (NAAQS) of 120 ppb is a health
based standard in which reductions in pulmonary function have been observed in some
people when exposed to ozone concentrations in excess of the NAAQS. It is calcula-
ted that the use of HiTEC 3000 in Philadelphia would result in 4,000 less people-
hours of exposure to ozone concentrations in excess of the ozone NAAQS. Again
similar results are seen in Atlanta where 400 less people-hours of exposure to ozone
concentrations in excess of the NAAQS. It is also estimated that the use of HiTEC
3000 will reduce the area of ozone exceedances of the NAAQS by approximately 0.5
and 11.1 percent for the cities of Philadelphia and Atlanta, respectively.

90034p1 1
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The reduction in tailpipe NO, and CO emissions due to HITEC 3000 also results in
reductions in ambient NO,, NO,, and CO concentrations. Reductions in peak
ambient concentrations of these species ranged from 0.01 to 0.45 percent over the
averaging times studied. An estimate of the maximum possible atmospheric
manganese concentration due to HiTEC 3000 was over one million times smaller than
the OSHA standard for manganese. It was also estimated that benzene concentra-

tions would be reduced from 3 to 10 percent due to the use of HIiTEC 3000.

A speciation sensitivity test was performed in which the same speciation profile, as
defined in the EPA Air Emissions Speciation Manual, were used for LDGV emissions
in both the 1994 base case and HiTEC 3000 emission scenarios. This sensitivity test
represents a conservative estimate (i.e., overstating any disbenefits of HiTEC 3000
on air quality) because it is using the same speciation profile for fuels with different
octanes and does not take into account the beneficial effects of using HITEC 3000 as
a replacement octane enhancer for aromatics. Even with these conservative assump-
tions, the use of HITEC 3000 in Philadelphia still indicated an improvement in air
quality; the peak ozone concentration was reduced by 0.2 percent. In Atlanta the
peak ozone concentration increased by 0.2 percent due to the use of HiTEC 3000 in
the speciation sensitivity test.

The effect of HITEC 3000 on urban air quality is small and it is very doubtful that it
could be observed using routinely available air quality monitors and current monitor-
ing networks. However, the problem of not attaining the ozone standard in urban
areas is the result of the cumulative effect of many sources. Any one ozone control
measure is likely to produce a small reduction in ozone concentrations. It is the sum
of all control measures that results in attainment of the ozone NAAQS, and the use
of least-cost measures (such as HiTEC 3000) is what produces a cost-effective ozone
control strategy. The use of HiTEC 3000 as a replacement octane enhancer for gaso-
line to aromatic hydrocarbon species appears to offer environmental benefits for all
air quality indicators studied.

90034p1 1
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1 INTRODUCTION

With the passage of the 1977 amendments to the Clean Air Act (CAA), Congress
required that manufacturers of new fuels and fuel additives demonstrate that their
products will not cause or contribute to the failure of emission control systems or
devices to meet the emission standards for which the vehicles have been certified
(42 U.S.C. 7545(FX4)). Congress's intent in establishing a regulatory procedure for
obtaining a waiver for the use of new fuels or fuel additives was not to prevent the
introduction of "more efficient, less costly, and less polluting substitutes for conven-
tional fuels." (American Methyl Corp vs. US EPA, 749 F2D 826, 839-840, D.C. CIR.
1984). Rather, Congress enacted legislation ™o prevent the untested use of additives

with cavalier disregard for harmful effects on emission control systems and devices."
(1977 Legis. Hist. at 362). Furthermore, Congress encouraged the Environmental
Protection Agency (EPA) to "give special emphasis” to the research and development
of new fuels or fuel additives "which, when used , result in decreased atmospheric
emissions." (1977 Legis. Hist. at 1465).

The test program developed and conducted by Ethyl Petroleum Additives, Inc. to
support their waiver request for the use of the HITEC® 3000 Performance Additive
(HiTEC 3000) in unleaded gasoline is one of the most comprehensive programs ever
undertaken by a single company. The emissions data available from this program
were obtained through the testing of 48 vehicles, representing 53% of U.S. sales,
operated over 75,000 miles. This large body of emissions data generated over a
longer mileage accumulation period than ever previously evaluated by the EPA
supported the use of advanced statistical methods to examine the probability that
HiTEC 3000 does not cause or contribute to a failure of emission control systems to
achieve compliance with applicable emission standards.

The statistical procedures used to determine the potential effects of HITEC 3000 are
documented in Appendix 2 of this waiver request. In general, the tests discussed in
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